In the axial elements of synaptonemal complexes (SCs) of the rat, major protein components have been identified, with relative electrophoretic mobilities (M r s) of 30 000-33 000 and 190 000. Using monoclonal anti-SC antibodies, we isolated cDNA fragments which encode the 190 000 M r component of rat SCs. The translation product predicted from the nucleotide sequence of the cDNA, called SCP2 (for synaptonemal complex protein 2), is a basic protein (pI = 8.0) with a molecular mass of 173 kDa. At the C-terminus, a stretch of ∼50 amino acid residues is predicted to be capable of forming coiled-coil structures. SCP2 contains two clusters of S/T-P motifs, which are common in DNA-binding proteins. These clusters flank the central, most basic part of the protein (pI = 9.5). Three of the S/T-P motifs are potential target sites for p34 cdc2 protein kinase. In addition, SCP2 has eight potential cAMP/ cGMP-dependent protein kinase target sites. The gene encoding SCP2 is transcribed specifically in the testis, in meiotic prophase cells. At the amino acid sequence and secondary structural level, SCP2 shows some similarity to the Red1 protein, which is involved in meiotic recombination and the assembly of axial elements of SCs in yeast. We speculate that SCP2 is a DNA-binding protein involved in the structural organization of meiotic prophase chromosomes.
INTRODUCTION
During meiotic prophase, chromosomes are arranged in an orderly manner along proteinaceous axes called axial elements (1) . These elements differ from mitotic metaphase chromatid scaffolds because: (i) the two chromatids of a meiotic prophase chromosome share a single axial element, whereas the chromatids of a metaphase chromosome have each their own scaffold; (ii) the major protein components of axial elements are meiosis-specific and thus not found in chromatid scaffolds (2) ; and (iii) axial elements are longer than metaphase chromatid scaffolds, and morphologically better defined. Axial elements and chromatid scaffolds can both be visualized by silver impregnation techniques, at least in certain types of microscopical preparations of spread cells (3) (4) (5) (6) (7) .
As meiotic prophase proceeds, the axial elements are incorporated in zipperlike structures, called synaptonemal complexes (SCs), which keep homologous chromosomes in close apposition along their length (1) . Meiotic recombination probably initiates just before or simultaneously with axial element assembly, and the assembly of full length axial elements appears to depend upon the initiation of meiotic recombination by double-strand DNA scission, at least in yeast (8) . At the end of meiotic prophase, the SCs are disassembled at about the same time when recombination intermediates are resolved (9) , and within each homolog the two separate scaffolds of the sister chromatids gradually become discernable (5) . At the sites of reciprocal recombination between non-sister chromatids of homologous chromosomes, the scaffolds of the recombined chromatids 'cross over' (5, 7) to form chiasmata, which contribute to the physical connection between homologs. In most eukaryotes, such connections are essential for the proper orientation of bivalents at metaphase I.
The relation between axial elements and sister chromatid scaffolds remains to be elucidated. In mitotic chromosomes, the sister chromatids do not normally share one axis, although single axes of a similar length to axial elements have been demonstrated by silver impregnation along mitotic chromosomes that were forced to condense from G2 in the presence of a topoisomerase II inhibitor (10) . These single G2 axes probably represent the still unseparated sister chromatid scaffolds. Although axial elements of SCs are morphologically more similar to these single G2 chromosome axes than to metaphase chromatid scaffolds, there are also important differences, because axial element assembly is part of normal meiotic chromosome behaviour and does not require cell cycle drugs and topoisomerase II inhibitors, and because the major protein components of axial elements are specific for meiotic prophase (2, (11) (12) (13) . In the rat, these meiosis-specific components have relative electrophoretic mobilities (M r s) of 30 000-33 000 and 190 000 (2, (11) (12) (13) , of which the 30 000-33 000 M r components are most probably products of a single gene, Scp3 (14) . In yeast, at least two candidate components of axial elements have been identified, namely Hop1 and Red1 (15) (16) (17) , which are also meiosis-specific. It is possible that the axial element of a meiotic prophase chromosome is formed after premeiotic S-phase by association of meiosis-specific proteins with the still undivided chromosome scaffold (5) . Alternatively, an entirely meiosis-specific axial element *To whom correspondence should be addressed. Tel: +31 317 482150; Fax: +31 317 483146; Email: christa.heyting@molcelgen.el.wau.nl
The authors wish it to be known that, in their opinion, the first two authors should be regarded as joint First Authors is assembled at the beginning of meiotic prophase, which is replaced by the two sister chromatid scaffolds when the axial element is disassembled. To distinguish between these possibilities, it is necessary to characterize the axial element components, and analyse their interaction with chromatin, in particular with the special DNA-regions called SARs (scaffold attachment regions, 18), by which chromatin is attached to chromatid scaffolds.
Why meiotic prophase chromosomes should be organized on single, at least partially meiosis-specific axial elements is another unresolved question, although several suggestions have been made: it is possible that the axial elements fix the chromosomes in an elongated state, and enhance the exposure of relevant pairing sites in an ordered, longitudinal array. This could facilitate the alignment of homologous chromosomes (19) . Other possible functions of axial elements include the inhibition of sister chromatid exchanges and/or the enhancement of recombination between non-sister chromatids of homologous chromosomes (9, 15, (20) (21) (22) , the conversion of the products of interchromosomal reciprocal recombination into stable chiasmata that can ensure the proper orientation of bivalents at metaphase I (16) , and/or the generation of sister chromatid cohesiveness (23, 24) .
In order to learn more about the nature and function(s) of meiotic axial elements/lateral elements (LEs), we study the composition of these structures. In this paper we describe the isolation and characterization of the cDNA encoding the 190 000 M r component of rat SCs. The protein predicted from the nucleotide sequence of the cDNA, called SCP2, is basic (pI = 8.0) and has features of a protein which is capable of binding to the minor groove of AT-rich DNA. It shares these features with proteins that bind to SARs (25) , including topoisomerase II (18, 26) , which is a major chromosome scaffold component (27) . We speculate that SCP2 is involved in the organization of chromatin during meiotic prophase, possibly by temporarily binding to SARs.
MATERIALS AND METHODS
The DDBJ/EMBL/GenBank accession number of the SCP2 cDNA sequence is Y08981.
Antibodies
The Mabs recognizing the 190 000 M r SC protein in rat were elicited by immunization of mice with rat SCs as described by Offenberg et al. (13) . Of these antibodies, Mab IX9D5 has been described in detail by Heyting et al. (2) and Offenberg et al. (13) . A polyclonal antiserum (serum 493) against amino acid residues 293-828 of the predicted translation product of the rat cDNA was prepared as follows: a 1600 bp PstI fragment of cDNA clone 5 (which encodes a major part of SCP2 of the rat, see below) was cloned in the pQE31 expression vector (Qiagen, Chatsworth, CA, USA). Expression and isolation of the translation product were performed by means of the Qia expressionist system (Qiagen) according to the instructions of the manufacturer. Antibodies were elicited in a rabbit by eight injections of 60 µg fusion protein in 750 µl PBS, mixed with 750 µl Freund's complete adjuvant (Sigma, St Louis, MO, USA) (first injection), or 750 µl Freund's incomplete adjuvant (Sigma) (all following injections). The rabbit was injected subcutaneously at 2 week intervals. One week after the fourth and the sixth injection, 20 ml bleedings were collected from the ear-veins. After the eighth injection a final bleeding of 80 ml was collected.
Isolation of cDNAs encoding SCP2
For the isolation of cDNAs encoding the 190 000 SC M r protein of the rat, we screened an expression cDNA library of the rat testis (28) in λzap ® (Stratagene, San Diego, USA) with a pool of six independently isolated Mabs, each of which recognizes the 190 000 M r SC protein, following described procedures (28) . Among 3 × 10 5 phage clones, 10 positive clones were found and purified. The purified clones had overlapping restriction enzyme fragment maps and inserts ranging in length from 1.1 to 3.9 kb. The 5′ EcoRI fragment of the longest clone, 3C1, was used for a secondary screening, and this yielded clone 5 with an insert size of 4.4 kb. In search of rat cDNA clones extending further in the 5′ direction than clone 5, we performed a 5′ RACE experiment (29) exactly as described by Van Heemst et al. (30) , using oligonucleotides complementary to the most 5′ sequences of clone 5 as primers and total rat testis RNA as a template. This yielded a DNA fragment which extended 302 nt further in the 5′ direction than clone 5. We then performed new RACE experiments, using primer sets complementary to this DNA fragment, a higher concentration of total testis RNA, and higher temperatures during cDNA synthesis. PCR performed on the cDNA fragments obtained at 50 and 52_C yielded two major products in each reaction. The longest product of each reaction was cloned in pGEM-T (Promega, Madison, WI, USA) and sequenced. Both (independently obtained) RACE products had identical sequences which extended 32 bp further in the 5′ direction, and contained a stop codon in-frame with the first ATG codon. We therefore concluded that we had isolated and sequenced the full-length SCP2 cDNA.
Sequence analysis
The insert of cDNA clone 3C1 was subcloned into the pBluescript vector SK(-) according to the instructions of the manufacturer (Stratagene). From both ends of the insert of clone 3C1 we generated unidirectional sets of deletions by partial digestion with exonuclease III and S1 nuclease using the erase-a-base kit of Promega. In addition, we subcloned several restriction enzyme fragments of the independently isolated cDNA clone 5 in pBluescript. We determined the nucleotide sequences by the dideoxy chain termination method of Sanger et al. (31) , using [α- 35 S]dATP (650 Ci/mmol; Amersham Corp., Buckinghamshire, UK), Taq polymerase (Gibco BRL Life Technologies, Paisley, UK or Promega) and oligonucleotide primers complementary to the polylinker sequences of pBluescript. The products of the RACE experiments (see above) were cloned into the pGEM-T vector according to the instructions of the supplier and sequencing reactions were performed in both directions from vector-specific primers, by means of the Dye Deoxy Terminator Cycle sequencing kit from Perkin-Elmer (Norwalk, CT, USA) and the nucleotide sequence was analysed on a 373A stretch 48 cm WAR DNA sequencer (Applied Biosystems, Inc., Foster City, CA, USA). The complete cDNA sequence encoding SCP2 was assembled by means of the Wisconsin GCG sequence analysis package (University of Wisconsin, WI, USA).
Immunocytochemical staining
Immunofluorescence staining of frozen sections of the rat testis was carried out as described by Heyting et al. (12) and Heyting and Dietrich (32) . Ultrastructural localization of the antigen was performed by immunogold labeling of surface spread rat spermatocytes essentially as described by Moens et al. (33) and Heyting and Dietrich (32) .
RNA isolation and northern blot hybridization
RNA was isolated from various tissues of 37-day-old rats by the GuTC/LiCl method of Cathala et al. (34) ; poly(A) + RNA was purified by affinity chromatography on oligo(dT)-cellulose (35) . RNA (15 µg/0.5 cm slot) was electrophoresed in the presence of ethidium bromide on formaldehyde/agarose gels, and transferred to Hybond-N + membranes (Amersham Corp.) by standard procedures (36) . After transfer, we verified on the basis of ethidium bromide fluorescence, that all lanes on the northern blot membranes contained a similar amount of RNA. The membranes were washed in 3× SSC, dried and fixed with UV light (312 nm; 200 J/m 2 ) for 2 min. As probes for northern blot hybridization we used RNA transcripts of a 3′ deletion clone, which had been linearized with HindIII. Transcription was performed from the T7 promotor in the presence of [α-32 P]rATP (3000 Ci/mmol). The northern blot membranes were prehybridized in 50% formamide, 5× SSC, 0.1% sodium pyrophosphate, 1% SDS, 0.2% PVP, 0.2% Ficoll, 5 mM EDTA and 150 µg/ml sheared herring sperm DNA for 6 h at 60_C. Hybridization was performed in the same mixture with 0.07 µg/ml probe (36 × 10 6 c.p.m./µg) for 17 h at 60_C. Subsequently the blots were washed for 30 min at 65_C in, successively, 2× SSC 0.1% SDS, 1× SSC 0.1% SDS, 0.1× SSC 0.1% SDS and 0.1× SSC 0.1% SDS.
In situ hybridization
In situ hybridization was performed on 10 µm thick frozen sections of rat testes, as described by Meuwissen et al. (28) . As a probe we used RNA that was obtained by transcription from the T7-promoter of a linearized 3′ deletion clone of clone 3C1; probe synthesis was performed in the presence of [α- 35 S]rUTP (3000 Ci/mM, Amersham Corp.), as described by Meuwissen et al. (28) . After hybridization and washes, the slides were dipped in Ilford K5 nuclear track emulsion, exposed for 3 weeks at 4_C, developed in Kodak developer D19, and analyzed by dark field microscopy.
Other procedures
SCs were isolated as described by Heyting et al. (37) and Heyting and Dietrich (32) ; SDS-PAGE of proteins was performed according to Laemmli (38) , as described by Heyting et al. (37) ; immunoblotting was carried out according to Dunn (39) , as described by Heyting and Dietrich (32) .
RESULTS

Isolation of cDNAs encoding the 190 000 M r SC component (SCP2) of the rat
For the isolation of cDNAs encoding the 190 000 M r component of rat SCs, we screened a rat testis cDNA expression library, using a pool of six independently isolated Mabs, which had been elicited against isolated rat SCs. On western blots carrying SC proteins, each of these Mabs recognizes specifically the 190 000 M r SC component, and a series of smaller fragments. We interpret the smaller fragments as breakdown products of the 190 000 M r protein, because different Mabs recognize the same pattern of peptide bands [compare Mab IX1H9 (Fig. 1, lane 6) and IX3E4 (Fig. 1, lane 7) ]. Among 3 × 10 5 recombinant phage clones, this pool of Mabs recognized 10 clones, containing cDNA inserts of 1100-3900 nt with overlapping restriction enzyme maps. In order to isolate a full-length clone, we screened the cDNA library with the 5′ EcoRI fragment of the clone with the longest insert, clone 3C1. This yielded clone 5, with an insert size of 4437 bp, which extended 500 bp further in the 5′ direction than clone 3C1. By successive RACE experiments, performed on total testis RNA as a template, we identified and sequenced 334 additional nucleotides at the 5′ end.
The nucleotide sequence of clone 3C1 and parts of the sequence of clone 5 were determined, and no discrepancies were found. The nucleotide sequence of the complete cDNA, as assembled from the sequences of clone 3C1, clone 5, and the products of the RACE experiments, contains a single open reading frame of 4515 nt, which encodes a 173 kDa protein consisting of 1505 amino acids (Fig. 2) . Nucleotide 154-156 is assigned as the translation start codon because it is the first in-frame ATG codon; 135-133 nt upstream of this ATG codon (position 19-21 in Fig. 2) there is an in-frame stop codon.
We think that the nucleotide sequence in Figure 2 represents the full-length cDNA sequence encoding the 190 000 M r SC protein of the rat, for the following reasons: (i) the recombinant gene product is recognized by four of the six independently isolated Mabs that were used for screening (not shown). carrying SC proteins (Fig. 1) , and a series of peptide bands, which are also recognized by two of the Mabs (compare Fig. 1 lane 8  with lanes 6 and 7) , and which we interpret as breakdown products of the 190 000 M r SC component. (Fig. 4) . We therefore conclude that we have cloned the cDNA encoding the 190 000 M r component of the LEs of SCs, for which we propose the name SCP2 (synaptonemal complex protein 2). The discrepancy between the relative electrophoretic mobility of the 190 000 M r SC component and the predicted molecular weight is probably due to the fact that SCP2 is a basic protein with a high percentage of proline residues. Proteins with these characteristics will migrate more slowly in SDS-polyacrylamide gels than can be expected on the basis of their molecular weight (41) . A similar discrepancy between predicted molecular weight and observed electrophoretic mobility has been found for other proteins with these characteristics, for instance, the proline-rich protein RAP1 (42) . Searching libraries of known sequences by the BlastP program (43) revealed a limited amino acid sequence similarity between residues 425 and 478 of SCP2 and residues 564 and 617 of the Red1 protein of Saccharomyces cerevisiae (Fig. 5) , which has a role in SC assembly and meiotic recombination (16) .
SCP2 has features of a DNA-binding protein
Between amino acid residues 1364 and 1499, SCP2 contains a predicted amphipathic α-helical domain, of which, according to the algorithm of Lupas et al. (44) , the stretch between residues 1386 and 1434 is capable of forming a coiled-coil structure. According to Chou-Fasman analysis (45) SCP2 is rich in β-turns. No other readily identifiable secondary structural motifs were found in SCP2.
SCP2 contains several interesting small scale amino acid sequence motifs: the protein is enriched in S/T-P motifs, which are common in a variety of DNA-binding proteins (46) , and allow non-sequence specific binding to DNA, presumably through interaction in the minor groove with the phosphodeoxyribose backbone (47, 48) . SCP2 has 15 of these motifs and in addition 40 S/T-S/T motifs, which can mimic the conformation of the S/T-P motif (46) . The S/T-P motifs occur in two clusters (Fig. 2) , which are separated by a hydrophilic and basic domain of the protein with a calculated pI of ∼9.5. SCP2 has several potential protein kinase target sites, including one target site for p34 cdc2 protein kinase which fulfils the consensus K-S/T-P-X-Z (49), and two sites which satisfy the relaxed consensus S/T-P-X-Z (50), and eight cAMP/cGMP-dependent protein kinase target sites [K/R-K/ R-X-S/T, where X is any amino acid (51) 
The gene encoding SCP2 is transcribed specifically during meiosis
The antigens recognized by the anti-190 000 M r monoclonal antibodies (2,13) and the polyclonal anti-SCP2 serum (serum 493) (Figs 3 and 7) are found exclusively in meiotic prophase cells. Northern blot analysis, performed with antisense RNA probes derived from SCP2, revealed a single transcript of ∼4900 nt in poly(A) + RNA from the testis, but not in RNA from other organs (Fig. 6) . Within the testis, the gene encoding SCP2 is transcribed predominantly in meiotic prophase cells (Fig. 7) .
DISCUSSION
Meiotic prophase chromosomes are organized in loops along proteinaceous axes, called axial elements, which are incorporated as LEs in the tripartite structure of SCs. The axial elements are distinct from mitotic or meiotic metaphase chromosome scaffolds in that they largely consist of meiosis-specific components (2) . Furthermore, each axial element is shared by the two sister chromatids of a meiotic prophase chromosome, whereas the sister chromatids of mitotic or meiotic metaphase chromosomes each have their own scaffold. Elucidation of the relation between axial elements and chromosome scaffolds will provide insight into the structure of chromosomes and the mechanisms of meiotic chromosome pairing and crossover formation. In mammals, major protein components of axial elements have been identified, with M r s of 30 000, 33 000 and 190 000, respectively (2,11). The 30 000 and 33 000 M r components are closely related and probably the products of a single gene, Scp3 (14) . The corresponding cDNA of the rat has been cloned, and encodes a 30 kDa protein called SCP3 (14); the cDNAs encoding the homologous proteins of the mouse (SYCP3; 53), and of the hamster (COR1; 24) have also been cloned. In this paper we describe the isolation and sequencing of the cDNA encoding the 190 000 M r component of the axial elements.
Expression of the gene encoding SCP2
The 190 000 SC M r component occurs exclusively in meiotic prophase nuclei, in SCs (2,13,54; Figs 3 and 4) . The experiments in this paper show that expression of Scp2 is regulated at the transcriptional level, because northern blot analysis of RNA from various tissues only revealed transcripts of the Scp2 gene in testis RNA (Fig. 6) . A similar result was obtained earlier with respect to two other major components of SCs, namely SCP1 (28) and SCP3 (14) . These results corroborate our earlier conclusion (12, 13) that SCs originate predominantly by assembly from newly synthesized components rather than by rearrangement of pre-existing nuclear structures. Within the testis, Scp2 transcripts occurred predominantly in meiotic prophase cells, whereas a low level of transcripts appeared to persist in spermatids (Fig. 7) . We cannot exclude that the Scp2 gene is transcribed at very low levels in other organs. Of the SCP1 gene, low levels of transcripts have been detected in the brain by means of PCR (55), although such transcripts were not detectable on northern blots of brain RNA (28) . However, we doubt whether such very low levels of transcription are functionally significant, because no SCP1 or SCP2 protein has been detected in any other tissue than testis and ovary.
Sequence and predicted secondary structure of SCP2
The amino acid sequence of the predicted protein SCP2 contains several motifs of potential interest: the protein contains three potential p34 cdc2 kinase target sites, which could be important for regulation of the assembly and disassembly of the SC: mutation of the CDC28 gene, which encodes the S.cerevisiae protein homologous to p34 cdc2 , causes an arrest in pachytene (56) ; it is thus possible that the p34 cdc2 protein kinase plays a role in the regulation of SC disassembly. The major component of the transverse filaments of SCs, SCP1, also has a potential target site for p34 cdc2 protein kinase (28) . Besides the p34 cdc2 kinase target sites, SCP2 contains eight target sites for cAMP/cGMP dependent protein kinase (51) . This protein kinase is possibly also involved in the regulation of SC (dis)assembly: inhibition of phosphorylation of nuclear lamins by cAMP/cGMP-dependent protein kinase plays a key role in the regulation of the disassembly of the nuclear lamina (57) . Furthermore, axial element component SCP3 also has two potential target sites for cAMP/cGMP-dependent protein kinase (14) . However, it still has to be sorted out whether the potential kinase target sites on SCP2 are actually phosphorylated in vivo, and whether this plays any role in the regulation of SC (dis)assembly.
SCP2 has features of a DNA binding protein
SCP2 shares features with several other proteins that have a function in chromatin organization. SCP2 has two large clusters of S/T-P and S/T-S/T motifs, which flank a basic domain of the protein. S/T-P and S/T-S/T motifs are common in a variety of DNA-binding proteins, and allow non-sequence-specific interaction with the minor groove of DNA (47, 48) . Transverse filament proteins SCP1 of the rat (28) and Zip1 of yeast (58) , and meiotic chromosome core component Red1 of yeast (17, 59 ) also contain clusters of S/T-P and S/T-S/T motifs. Several nuclear matrix proteins also contain S/T-P clusters, for example SAF-A, a protein for which in vivo binding to matrix attachment DNA-regions has been proven (60). Other nuclear matrix proteins carrying clusters of S/T-P motifs include mammalian nuclear matrix protein NUMA (61, 62) , lamins (chicken lamin A, B1 and B2, human lamin A and C; 63-66), repressor/activator site binding protein Rap1 of yeast (42) , and topoisomerase II (67), which is found in chromosome scaffolds (27) . Lamin B-1 (68, 69) , Rap1 (42), SATB1 (70) and SCP1 (71) have been shown to bind to DNA in vitro, although no obvious similarity with conserved features of DNA binding proteins could be identified in these proteins besides the S/T-P and S/T-S/T clusters. Furthermore, Meuwissen (71) showed that SCP1 binds to DNA through interaction with the minor groove, and that its DNA-binding activity is confined to the C-terminal domain, which contains all S/T-P and S/T-S/T motifs. In preliminary southwestern blot experiments, an expression product of a large part of the SCP2 cDNA was also capable of binding to DNA (K a = 3.6 × 10 9 M -1 , unpublished experiments). However, it remains to be demonstrated that SCP2 binds to DNA in vivo.
Possible functions of SCP2
The localization and predicted secondary structural features of SCP2 suggest that this protein is involved in the organization of meiotic prophase chromatin, possibly by temporarily binding to SARs. In detailed immunofluorescence studies (Schalk et al., in preparation), we found that SCP2 first assembles into short stretches of axial element, which fuse to form long, linear, unsynapsed axial elements, which then shorten and thicken as synapsis proceeds. How the assembly of linear axes is accomplished is not known. It is not necessary to suppose a specific function for SCP2 in this respect, because chromosomes that are forced to condense from G2 in somatic cells, which do not contain SCP2, also develop long, linear axes (10). However, (premature) condensation from somatic G2 results in the assembly of one axis for each chromatid; only if condensation proceeds in the presence of a topoisomerase II inhibitor (ICRF), a single, undivided axis is formed for the two chromatids of each chromosome (10); upon recovery from ICRF, the single axis splits, the centromeric regions being separated last. It is possible that in meiotic prophase, SCP2 has a comparable effect as a topoisomerase II inhibitor on the separation of sister chromatids, by competing with topoisomerase II for binding to SARs. The two sister chromatids would then remain unseparated until SCP2 is removed, possibly by phosphorylation, and replaced by topoisomerase II, which gradually congregates onto the axial elements in the second half of meiotic prophase (72) . SCP2 persists in the centromeric region during meiotic metaphase I (Schalk et al., in preparation), as has been described earlier for SCP3 (COR1) (24) ; such a localization would be consistent with a role of SCP2 in sister chromatid cohesion. The ultrastructural localization of SCP2 in the center of the axial element (Schalk et al., in preparation) is also consistent with such a role.
One other possible clue to the function(s) of SCP2 is provided by the work on the yeast Red1 protein. SCP2 shows a limited sequence similarity to the Red1 protein of yeast. SCP2 and Red1 are also similar in that both proteins contain many S/T-P and S/T-S/T motifs [Red1 has six S/T-P motifs and 20 S/T-S/T motifs, (59)], and are predicted to form a short coiled-coil domain at their C-terminus. Although there are also considerable differences (Red1 has a much lower molecular weight and pI than SCP2), the similarities are of interest because Red1 is a candidate component of the axial elements of yeast SCs (17) . The Red1 protein localizes to the cores of meiotic prophase chromosomes (17) . red1 mutants do not assemble axial elements (16), and display a decreased level of meiotic chromosome pairing, heteroduplex formation (73) , and interchromosomal gene conversion and crossing over (16) . Furthermore, Red1 is required for the formation of crossovers that can ensure a proper disjunction of homologous chromosomes at metaphase I (16) and has a role in monitoring the recombination process (22) . The involvement in such a variety of processes can be understood if Red1 is a structural component of the axial elements which interacts with several proteins that function in one or more of these processes. The same could be true for SCP2. The cloning of the cDNA encoding SCP2 will allow us to analyse this by searching for the proteins and DNA sequences that interact with SCP2.
